Background: Success after lateral transpsoas interbody fusion (LLIF) partially depends on avoidance of subsidence to maintain spinal alignment, disc space height, and indirect neural decompression. Techniques for preventing subsidence have focused largely on surgical and biomechanical properties of spinal reconstruction; however, medical management may also affect subsidence rates as well. The purpose of this study is to examine the effect of alendronate on minimally invasive LLIF patients with regard to radiographic and catastrophic subsidence.
INTRODUCTION
Spinal stenosis and scoliosis affects the same population affected by osteoporosis. 1, 2 Typically, surgery is a definitive treatment for those who have not had success with nonsurgical treatments. In the case of simple stenosis, surgical laminectomy is effective. However, in the setting of instability (spondylolisthesis or scoliosis) or severe neuroforaminal stenosis, fusion may be required. 3 Traditional spinal fusion techniques require a long convalescence. Minimally invasive lateral transpsoas interbody fusion (LLIF) can be performed as an alternative by experienced surgeons. 4 Incisions less than 4 cm are used with a muscle sparing approach. Success with this technique has spurred its adoption in some spinal centers. 5 The technique places a large cage in between the vertebrae to realign the spine and enlarge the neuroforamina. 6 Bone graft inside the cage enables fusion of the treated vertebral segments.
Success of the LLIF procedure depends on avoidance of subsidence of the cages into the vertebral endplate to maintain the alignment and neural decompression while the spine fusion occurs. 7 This effect is termed indirect spinal decompression. 8 Techniques for preventing subsidence have focused largely on surgical and biomechanical properties of the spinal reconstruction. 7 However, medical management may also affect subsidence rates as well.
Recent studies have shown that alendronate use is safe for patients with osteoporosis while they are healing from spinal arthrodesis or fracture healing. 9, 10 Additionally, a recent prospective, randomized trial followed osteoporotic patients after traditional open spinal surgery. 9 Patients diagnosed with osteoporosis were eligible for enrollment in the study. Treatment was randomized to either vitamin D/calcium supplementation or bisphosphonate treatment for 3 months postoperative. Both treatments were standard of care for patients with osteoporosis. Additionally, many patients with osteoporosis take alendronate currently. The study demonstrated a significant increase in fusion rates and decrease in subsidence in patients treated with alendronate in a transforaminal lumbar interbody fusion model.
After the publication of the above study, patients treated in our medical center with LLIF surgery were placed on alendronate for 3 months postoperatively. This study proposed the following by examining patients treated with alendronate after LLIF surgery to (1) determine if there is a difference in subsidence and (2) to determine if there is a difference in catastrophic failure requiring reoperation (Figures 1 and 2 ).
MATERIALS AND METHODS
The institutional review board at our medical center approved this study.
A retrospective review of a database of patients between June 2010 and March 2012 who underwent lateral transpsoas interbody fusion (XLIF, NuVasive) was performed. One surgeon at an academic, tertiary hospital performed all of the operations. The control group is a cohort with patients who underwent LLIF prior to the start of the alendronate regimen. The patients in the study were consecutive patients.
For the operative procedure, the patient underwent general anesthesia using succinylcholine. Neuromonitoring leads were placed into the appropriate muscle bodies by the operative surgeon and connected to the neuromonitoring system and ensured 4/4 twitches to be present. The patient was placed in the lateral decubitus position, and a retroperitoneal approach was made to the spine. The appropriate disc space was identified using fluoroscopy. A knife was used to incise the annulus, and a subtotal discectomy was performed using a combination of curettes, pituitary rongeurs, and Kerrison punches. The disc space was sequentially dilated, and a cage size was selected of the appropriate height and maximum width possible. The polyether ether ketone (PEEK) cage was packed with allograft cellular bone matrix containing mesenchymal stem cells and osteoprogenitor cells combined with DBM (Osteocel Plus, NuVasive) alone or that in addition to a small bone morphogenic protein 2 [rhBMP-2] (Infuse, Med- Data collected in the retrospective chart review included diagnosis, cage width, alendronate use, and follow-up time. Surgical indications in this cohort included scoliosis, spondylosis, spondylolisthesis, and lumbar stenosis. PEEK implant cages of various heights were implanted depending on disc space dilation, and maximum width cage was used, either 18 or 22 mm.
We modeled the total subsidence over 4 cage corners (AS, AI, PS, PI) using a linear mixed model that included terms for alendronate, gender, time trend, and the interaction of alendronate and gender by time trend. The subject correlations were incorporated using random slope and intercept terms. Since the L4-5 group had many patients with no subsidence, we checked for sensitivity to modeling assumptions using a Tobit mixed model.
We compared the alendronate group to the control group for differences in change of subsidence per time period and for the average subsidence differences at each of the 3 individual time periods. We performed a similar comparison between males and females. L4-5 had 13 subjects in the control group (9 female, 4 male) and 13 subjects in the alendronate group (8 female, 5 male). L3-4 had 12 subjects in the control group (7 female, 5 male) and 10 subjects in the alendronate group (6 female, 4 male). These measurements were performed by 1 observer (RS), not the surgeon. All model assumptions were evaluated using residual plots, and all analysis was performed on the R statistical software.
Patients were similar in regard to demographics in both groups.
RESULTS

L3-4 Disc Space
There was no evidence of significant association between alendronate and subsidence in this group. We observed a significant increase in subsidence over time for the L3-4 group also (0.09 cm, 95% CI: 0.04, 0.14. P , .0001). There is a decrease for the alendronate group relative to controls (À0.05 cm, 95% CI: À0.15, 0.05, P ¼ .32) and a small increase for males relative to females (0.02 cm, 95% CI: À0.08, 0.11, P ¼ .74).
L4-5 Disc Space
There is a significant increase in subsidence at each time point (0.08 cm, 95% CI: 0.03, 0.13, P ¼ .002). We observed that the increase in subsidence is larger for the control group compared to the alendronate group (difference ¼ 0.07 cm, 95% CI: À0.01, 0.16, P ¼ .08) and that females have a larger increase in subsidence per time point compared to males (difference ¼ 0.10 cm, 95% CI: 0.02, 0.20, P ¼ .02).
There is a decrease in subsidence noted for the alendronate group for each time period, and this is significant in the final 10-12-month period (Figures 3 and 4) (differences: 2-3: À0.06 cm, 95% CI: À0.28, 0.15, P ¼ .27; 5-8: À0.14 cm, 95% CI: À0.36, .08, P ¼ .10; 10-12: À0.21 cm, 95% CI: À0.48, 0.04, P ¼ .05).
Similarly, the decrease in subsidence for males relative to females is small initially but is significant at the final period (2-3: À0.04 cm, 95% CI: À0.26, 0.18, P ¼ .36; 5-8: À0.15 cm, 95% CI: À0.38, 0.09, P ¼ .10; 10-12: À0.26 cm, 95% CI: À0.53, 0.02, P ¼ .03).
Tobit Results
Results were similar qualitatively: increasing average time trend (P ¼ .015), a decrease in subsidence for alendrontae group (P ¼ .13), and male group (P ¼ .14). 
DISCUSSION
Osteoporosis is a disease that affects over 40 million Americans. 11 Typical manifestations of osteoporosis include an increased risk for fragility fracture and an association with spinal deformity.
1,2
Treatment of osteoporosis can include hormone replacement, nutritional supplementation with vitamin D and calcium, antiresportitve therapy (bisphosphonates), or anabolic agents (teriparatide). 1, 4, 11 Osteoporosis comes in 2 forms: postmenopausal (type I) and senile (type II).
11 Postmenopausal osteoporosis is characterized by a large drop in bone mineral density that coincides with a drop in estrogen and progesterone levels in women after menopause. There is a concomitant drop in cancellous bone density. Senile osteoporosis typically affects men more than women and occurs during the seventh decade of life. It is characterized by a loss of cortical and cancellous bone density. Regardless of etiology, osteoporosis is measured by dual X-ray absorptiometry scanning. Scores are compared to either age-matched (z score) or youthful controls (t score). Osteoporosis is defined by a bone densitometry t score of À2.5 standard deviations from the mean. 11 Degenerative disease of the lumbar spine, including stenosis and scoliosis, is another result of the aging spine that often simultaneously affects the same osteoporotic population. In the general population, the prevalence of spondylosis ranges from 20% to 25% and increases with age greater than 50 years. 12 In 1 study, the incidence of degenerative scoliosis was found to be 36% in patients with osteoporosis, 6 times higher than the matched controls without osteoporosis. 13 As a result of the study, they postulated that osteoporosis was the cause of the deformity. Later studies showed that there is no direct causal relationship between osteoporosis and scoliosis but that they commonly occur in the same cohort as a result of aging and health status. 2, 14 Many of these patients with osteoporosis and spondylosis fail nonoperative management but have a high risk of morbidity with the traditional posterior spinal decompression and fusion or combined anterior/posterior reconstruction. A traditional posterior spinal fusion or anterior/posterior spinal fusion results in significant blood loss, pain, and longer time to ambulation, prolonging the overall recovery. 15 The minimally invasive approach used in this study has gained increasing popularity with recent studies showing symptomatic relief and lower complication rates than traditional approaches. 16 The LLIF approach is an effective technique that can be used safely by an experienced surgeon for patients with symptomatic degenerative disease or scoliosis of the lumbar spine. 17 The technique increases the disc space height, providing an indirect neural decompression and eventually fusion. 8 A recent study by Phillips et al 5 had an 85% patient satisfaction rate with a substantially lower complication rate (24%) than traditional procedures (66%). Like any procedure, there are modes of failure; for this procedure, some of these include subsidence of the interbody cage, vertebral body fracture, and failure of fusion. 18 Subsidence can be a result of bone quality, implant material or size, or surgical technique. To prevent subsidence, the bone-implant interface has to have sufficient strength to withstand the loading of the lumbar spine. 19 Hou and Luo 19 examined the anatomic structure of lumbar end plates and any differences in failure to load. The end plate is thickest and most dense in the periphery, particularly near the posterolateral corner near the pedicles, and weakest centrally. The authors also found that the failure loads tend to increase in both the superior and the inferior lumbar end plates from the L1 to the L5 segment, proximal to distal levels. The inferior end plates in the lumbar spine were significantly stronger than the superior end plates. 20 This information may help guide the optimum placement of the interbody cage in order to minimize subsidence.
Hou and Luo 19 also found that a decrease in bone mineral density led to lower failure load, which indicates that patients with osteoporosis have a higher risk of subsidence. However, this study also showed that the failure load distribution did not change, with the posterolateral portion being the strongest area. In patients with known osteoporosis undergoing spinal fusion, placement of the interbody cage more posteriorly may be considered. Closkey et al 18 looked at the optimum implant size to prevent subsidence and found that at least 30% to 40% coverage was needed to withstand physiologic loads, but the larger the coverage, the better. As for implant type, PEEK implants are thought to have a similar modulus of elasticity as bone and are therefore considered favorable. 7 Research on the use of bisphosphonates in spinal fusion has conflicting findings. The use of alendronate after LLIF was evaluated in this study to determine if it would improve outcomes by decreasing subsidence. Alendronate is a bisphosphonate frequently used in the treatment of osteoporosis. It inhibits osteoclast-mediated bone resorption and has been shown to increase vertebral strength and to prevent vertebral compression fractures. 9 The use of alendronate after lumbar fusion is thought to prevent subsidence by decreasing bone resorption of the end plates around the interbody cage. 10 Imai et al 21 used a quantitative computed tomography-based model to assess vertebral strength in postmenopausal women and noted that after 3 months of alendronate treatment, they had a 10.2% increase in vertebral strength. Having increased vertebral strength is beneficial in preventing subsidence of interbody cages but does not necessarily imply that alendronate is necessary postoperatively. It may be more important in this case as a preoperative intervention if possible.
There are also concerns about the postoperative effect of alendronate on spinal fusion rate. Nagahama et al 9 found favorable outcomes with the use of alendronate and posterior spinal fusion with interbody cages. Radiographic results showed that alendronate enhanced bridging bone formation and increased fusion rates. The authors also found that cage subsidence and subsequent vertebral fractures were prevented by the use of alendronate.
Our study had similar findings with regard to subsidence, showing a decreased tendency for subsidence with the use of alendronate. This was most likely prevented by decreased end plate bone resorption around the implants in the immediate postoperative period. The ideal use of alendronate with regard to spinal fusion surgery would be in osteoporotic patients preoperatively and postoperatively and possibly in all LLIF postoperatively where there is concern for subsidence. A larger, randomized prospective controlled trial would need to be performed to make the above conclusion. The study would ideally include a longer follow-up, clinical outcome scores, and an evaluation of fusion rates.
It is also noted that in this study, we found a significant decrease in subsidence at the L4-5 level with alendronate but not at the L3-4 level. This may be attributed to the fact that the L4 vertebra has the highest compression strength, over 8000 N, as opposed to just over 5500 N for L5. 22, 23 So the L4 vertebra at the caudal position may absorb more force at baseline, demonstrating less subsidence at the L3-4 level in our study, and with the decreased compression strength of the L5 vertebra, it may be more susceptible to the subsidence that occurred in the control group. Therefore, the alendronate may have helped to improve the L5 vertebra compression strength.
Another important finding pertains to catastrophic subsidence after stand-alone LLIF. All LLIF cages on the market are currently indicated with supplemental transpedicular screw fixation. However, many surgeons perform stand-alone LLIF with good results. 6, 24 Catastrophic subsidence occurs when vertebral end plate fracture results in loss of indirect decompression and requires reoperation to relieve the patient's pain. In this study, no patient treated with alendronate had catastrophic subsidence, while 3 in the control group did. While this finding was not statistically significant, it implies a possible relationship that may be investigated in future prospective studies.
Some of the limitations of this study include sample size and evaluation of subsidence by 1 viewer. However, this study does provide some preliminary information about success of medical adjuvant therapy for prevention of subsidence after LLIF. Further studies with a larger, randomized population need to be performed before changing the practice patterns.
CONCLUSIONS
A clear reduction in subsidence was found with the use of postoperative alendronate in patients undergoing L4-5 LLIF. Alendronate had a significant decrease in subsidence at L4-5 after 10-12 months as compared to the control group. Additionally, no patients treated with alendronate had catastrophic subsidence. These data suggest the need for further study on the role of alendronate in the prevention of subsidence after LLIF.
